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The pole of the galaxy ,.as determined from measurements of

galactic racdlation at a frequency of 205 megacycles. The radiation

is highly concentrated along a small circle close to the galactic

equator. The coordinates of the pole are 266o8 + 4o5 galactic longi-

tude 7 - 0o3L north ga.actic latitude. The small circle has a

north polar distance of 91017) + 11'. The relative intensity and

approximate half width of the galaxy as a function of galactic

longitude are presented. The experiment and certain consequences

of the results are d•iscussed.
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* ~RADIU POLE OF THS GALMX AT 205 Me

* SflCTION I - fTTRODUCTION

NTow th~t th. -ohinom-non of rftdio frequoncy ra~dintion from the

Pplsyy Is w~ll-known And its Y~otpntise1 upefuln'%ss as An adeAttions.l

tool for anelysin of thn structure of the galaxy io comi~ng to bp~

r--cogn17ld. it is d,)Pirpblf- to have vri~civs information concerning

tho nnturi of th'A distribution of galactic radio frequency redi-

at ion both in dir'action Pand with respect to frfnauany. The ideal

gosi1 in this re3gprd woul~d be a conmlete epecificetion of thge func-

tion 1~,(-,b), the s'>-cific intinsity As function of frequency and.

OPlAeCtiC longitud-i And. le~tituds, togeth,-rviith a. aunntitntive, stsate-

ment of Its steatisticel chprsctqristics if it is found, to vary in

timnc. Th'A nrpsent st-tto of our knowledge of gatlactic rAdintion, of

cours-1, falls far short of this goal, S'ýverjml 'wroliminnry surveys

of the avoroximate- distribution of plp~ctc reaintion At frnequsln-

cigs beýtlopn 20.5 Y'c 'n-r second. And h80 Mc opr sacond. hpvq bee"n

-Oubl i Sh~o.

The lpck of d~itpileM. informsetlon of high nccurmcy iF Psern-

bpble to the fect thpt investir-ptione of galatctic rsd~iption in the

rsd~io frequ'incy spectrum Rre at least me complicatmd. mnd mas diffi-

cult Ps thosq -oroblnem morn femilisr to astronomers concornqd with

absoluti e'oectro-ohotonietry in thn opticel rqpgion of thA sDn'ctrurn.

Thirn is, in facet, an added difficulty which must be ovarcome In

ma-kine. memsures of sp~ecific intensity in thq radio freqixency re~gion

* of the s-oectrum, becauu'" thp resolution of the antennas of -or~eent

1 Numbers ref-ir to reference list,



rmdio tR1~scon'3s is Of neoonssity of the spme ordpir of magnitudi me

thi Aim*'ivionp of thq radiating regions in the gnInvy. I3ecause' of

this restriction th'n mceurate determination of the actuml distri-

bution of a'nicific intinsity as R function of direction 'oresonts

P oproblqm which is certainly of a high ordir of comnlaxity and

p-.rhve'o not evgn uniquely solvablo in -orinciple,

As n. repult of this, state of affpirs, it is nqce-ssary, 14a in

mora convontions). branch'3s of estronomy, for the observpr to 'oro-

cied slowly, He must frpmn -ovecis'A obseirvationa~l nroblams with

rqfer~nco both to theitr mptro-phypicel imoortance Pnd to their

Puit~bility for obpnrv'ntions with rmdio tal'-sco-pps. One such woob-

lem d-Als with th'ý qupntitativn dntorminpetion of how~ well the

pgplpctic rpliation aprn-,s w'ith genn'rplly ftcec'-otnd idoas of the

onosition of th- galpetic 31snp. Until now, only on- such quanti-

tetivA d-t-~rminstion vias avnilnbloi. It mado. us4e of da~tp obtAined

by Reber Kt 160 Mc and alro Pt h80 Me. Roductions of these data

indicated a high order of internal cosstny Aside from thpe

fAct thAt the dntta from vwhich these convoutattions; were madei were

gethar-id -purýly Ps P -or',.liminary survny, end hpnc'p might .0ossibly

contain systpematic rsrrors of dlir-ection as grpptt ats 10, there is tho

fact that th, gplactic ra~distion at iach frequxency must be considesr-

ed seoaorat'-ly. Honc-, th- Drisent investigation at m. fraquqncy of

205 Mc woer sqcond io relevant.

At first glance it may seem somewhat surorising thpit a radio

teliscoion with a conmarAtiveily broand atntenna. oattarn could be uped

f or thp successful datnrmina~tion of the controid of galactic radi-.
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ation. Actually, it turns out heim-oortnnt fwatorp Pro not Po

mluch the diwvenpions of the sntqnnim vatto'rn, but Rro the otoability

of thi r'4ceiv~ir mnd emm-lifier circuits and th Peccurecy of th'-

geomwitricel motions for 'nointing tho antenna in different dirqctions.

In this conn'iction it is o-rtinpa't to r-imenmber that militpry and

other inistallations have -oft-'n madf% qiiitco successful usg! of

antennae vith bropd. scc'-otpsnce pe.tte~rn% for the ou", ose of radio

dirqction finding.

rffplpctic raedi~tion wovop'rp to arrive chiefly from a band a

numbpr of d~egrees wide' near th-i gplpactic '-=ator. Th" sp~ecific

-oroble~m 9,.t for solution in this pp.uer Is to determinp the

cnntroid (that ii', th., m-,an galectic latitude) of th- 205 Mc

prel'ctic Pipnel at all ea).1ptic longitudne sccossiblq from the

lptitudgý of th- obs'-rving stption, nnd to find the o'ntimuzi small

circl;, on the c-loptipl itnhnrg ',)Pt fittine thase observations.

Thiq smpll circlA mpy bA chparpctnri?"d by throm nAremptprs,

I and b thi -plnctic coordinptqp of thn north 7,,olo of the small

ctrclý:, and/thp north volar distance of th'p smAll eirclat from the

polq chArpct-ýriz-d by L and b

A number of months of tmsting the redio tqlqecoo,ý used in tho

present investigation show~d the, moment to mom'ont sttbility of the

205 Vic recqiving oquipm'ont to b- reliable to a small fraction of

th"p maximum galactic signpal, Ppproximatply one narcenut. In order

to utilize fully this high doigr-e of stability of thm ql-ctricA~l

* ~equipm'nnt it vas fournd. nicessary to attqmot to have all angular

dis.lcz'n oftpmoignrts of the radio toqlesoooe r-",roec'ol-

able Pad accurate to anroximately 1/10 of A degree. An effort wage



mpdeq at all -noints in the design of the obsqrv~tionnl Drogrmm mn

thp -olrn of commouting proced~urp to guard this mccurn.cy.



SECTU0N 2 MQY3IPj3N

The antenna used for these observations was a forty-eight di-

pole array, constructed by placing two SCM-268 azimuth receiving

mattresses side by side. This seventeen foot square antenna was

mounted on an alt-azimntth mechanism so as to provile vertical polar-

ization with respect to the horizon. Direct reading azimuth and

elevation dials were installed and the relationship of the major

axis of the antenna pattern to true north and the local vertical

was determined as a function of the dial indications.

Besides routine ground level measurements of the antenna pat-

tern, careful checks of the high elevation angle pattern were made

using the quiet sun as a source, at a time when the sun was well

away from any strong galactic source of radio frequency radiation.

Thus, it was determined that this array possessed a pattern 150 x

150 _+ 0.50 ai•ay from the ground, and that the pattern of the main

lobe ma snmetric to better than 0.250. Furthermore, as a result

of sweep measures on the quiet sun, it was found that the entire

antenna and mount could be pointed by direct reading of the dials

to a precision of better than ± 0.20 for elevation angles greater

than 80.

Table 1 shows a typical set of measurements of the position

of the sun. Azimuth sweeps were made on a day Ahen the sun was

quiet. If a burst occurred during a sweep, the sweep was di.-

carded. The sweeps were made in closely timed pairs in opposite
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directions. The asimuth of the sun wa mesaureaL by aveYming sfv-

oral pairs of equal amplittue points on eGAhg Peak Am taking the

average of these as azimuth Of the maximum of the peak. An aver-

age azimuth x-ms found for each pair of 4 and - sweeps8

The GOT of each peak was measured from the tape. A graph of

the azimuth of the sun vsa EST was made from data in the nautical

almanac and the tables of U. S. Hydrographic Office publication

214. The position of the sun at the time of each peak and the

average position of the sun for each pair of sweeps was found.

The first order side lobes 'iere found to be down 16 decibels

below the main lobe. 1•hile the entire minor lobe structure was

not the most desirable, a number of cross checks were made to as-

certain that no important signals were arriving from directions

other then those subtended by the main antenna lobe.

The entire antenna mechsnism ims mounted on a platform pro--

vided with leveling adjustments and with a level whose least count

was 0.080. Azimuthal rotation wa obtained from an induction motor

and gear assembly of sufficient torque that only large gusts of

wind made even momentarily noticeable variations in the rate of

rotation, The position of the antenna in azimuth was inserted on

the records automatically by using a carefully adjusted toothed

wheel and switch assembly attached to the vertical column drive

unit.

The receiver used in these measurements was the first one

I built by this group especially for the reception of alactic and

-6.



* ~TABLEl I

COOM0ARISON 0 OBSFVrD AITD CALCULATED AZIMUTH O THE SUN

Sweep Calculated Measured Difference
riLirection Azimuth of Sun Azimuth of Sun

+ o 9.5 1190.4
- 119.8 119.2

mean 119.6 . 119.3 + 0 0.3

+ 120.5 120.4
- 120.7 120.3

mean 120.6 120.4 + 0.2

+ 122.3 122.7
- 122.5 122.5

mean 122.4 122.6 - 0.2

+ 123.5 123.8
- 123.7 123.5

mean 123.6 123.6 0.0

+ 124.7 125.0
- 124.9 124.9

mean 124.8 125.0 - 0.2

+ 127.0 127.2
- 127.2 127.0

mean 127. 1 127.1 0.0

+ 12.•. 129.4
- 129.2 129.0

mean 129.0 129.2 - 0.2

+ 131.7 131.9
- 132.0 131.5

mean 131.9 131.7 + 0.2

+ 133.3 133.5
- 133.5 133. 4

mean 133.4 133.4 0.0

+ 135.2 135.5
- 135.5 135.3

mean 135.4 135.4 0.0

"7-



solar noise. This receiver was a normal superheterodyne, but

considerable effort had been expended. towards producing a phys-

ically aid electrically stable unit.

The receiver had a bandwidth of 4.5 Mc . 1/2 Mc centered at

205 1c _ 1 Mc. The time constant of the Seterline-hrgus recording

milliammeter was approximately three-eighths of a second. The sta-

bility was generally such that amplitude variations in the record

greater than one part in two thousand of the internal receiver

noise could be definitely ascribed to variations in the energy re-

ceive& by the antenna.

-8-
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POTION 3 OBSERVATION PR0..DU..

The general observing plan was to sweep the antenna 3600 in

azimuth when the galactic equator passed through the zenith.

Thus, the path of the center of the antenna bean would cross nor-

mal to the galactic equator, minimizing the labor of reducing the

computations and also reducing the effect of asymmetry of a local

galactic source on the position of the apparent centroids.

The details of the observing program were worked out as a

compromise among a number of conflicting factors. The sun was

neari•g a position which 1.rould prohibit for several months the

observation of the milky way available at Ithaca (Lat. 42° 290 .93

north. Long-ý 5 h 0m 4,06), and a large number of positions of

maxima would be required for a satisfactory determination of the

galactic pole. Ideally, however, only two gauges (sweeps) should

be performed in a twenty-four hour interval, and these at the

times when the galactic equator passed through the zenith. This

would preserve a maximum of pointing accuracy. Yinally, the time

constant of the recording milliammeter (averaging about three-

eighths of a second) made a slow rate of azimuthal rotation de-

sirable.

The observing procedure was as follows:

(1) The dates and. period. of observation, with notes on the

weather, are shown in Table 2.

-9-



TAB 2

Greenfich
Date Tape No. GOT Weather
1948 Start , inish

Oct. 17 0-171 0025 0245 Oloudy
S0-174 0530 0815 Cloudy

18 0-177 0012 0245 Snow, rain,&
0-179 0530 0838 high t.inds

19 0-182 0035 0255 Cloudy, cold
0-184 0530 0805 Cloudy, cold

20 0-187 0000 0235 Rain, heavy
0-189 0535 0805 clouds

20-21 0-192 2345 0230 Cloudy
21 0-194 0515 0800

(2) The duration of each 3600 azimuthal gauge was approxi-

mately six minutes.

(3) The sense of rotation was opposite for consecutive

gauges. The intention was to produce a number of pairs of gauges

of opposite sense, but of approximately the same celestial pathq

thus minimizing the effect of the time constant of the recording

pen,

(4) Gauges were made in steps of 40 of elevation over the

range 00 to 640 inclusive. Because of the angular width of the

main antenna lobe and the angular width of the galactic radiations,

higher elevation gauges vtere omitted.

(5) The starts of consecutive gauges were spaced by ten min-

ute intervals, allowing the observer about four minutes to perform

U -10 -



necessary adjustments and to record the evonts.

(6) The alignment of the equipment with the local vertical

vas checked before and after each two-hour observing period.

(7) The recording tape, driven by a 60-cyole synchronous

motor, ran at a rate of 12"/min. to minimize reading errors.

(V) Time marks accurate to a fraotion of a second were placed

on the record by means of a ohronograph pen on the margins This

pen was controlled by the operator who listened, at appropriate

times, to the standard time transmission of radio station WNV.

(9) A mark fts automatically placed on the record for every

three degrees of rotation, starting with a mark for trus North.;

One mark was omitted each sixty degrees, and the observer labelled

the azimuth by hand to avoid ambiguity and provide a double checks

(10) The receiver vae switched from the antenna to the riefei-

once n~oise source for about four minutes after each gauge so as to

observe the performance of the electronic equipment.

(11) 3xcept for the few seondas required to sake the time

market the observer vws listening to the combined receiver anA

galactic noise. This greatly minimized the likelihood of mistaking

any interfering terrestrial radiation for galactic radiation, and

provided an additional important check on the electrical perform-

once of the entir equipment.

- 11 -



SZOTIOW 14 -ýOIM~VATIONS AND RMlUCTIONS

It iA wesll to hava) in mind the Pctue~l neturn of th-i qumntity

which is m-.asured by m. rmdio tol-1scoDv, bnforR d-escribing in dqetPAI

thn ?xptct nroc-dur-n of obtaining th- desire~d auantitins from the

observimtions. The antennw of tht' radio tnliscooe mmay be thought of

as d-vic-, which, whan pointed in P. givqn dir-ction, r'iceivqs

rmad.iption not only from thpt direction, but elso from other direc-

tionp, Th-r-~for.,,the i'ow-"r in th- trsnemission lino from the

ant nna to th-: r'pceiving P-t to provortionw1 to tho wieihtid momns

of thi s'.)'cific int'gnsity in the various dirýýctionq. Ssetting the

problem in r~h-rimsl coordinst-9s ns shown in Figuro 1, thorp Pre

thr-ý' functions to b,) conqidrired. First, thq sli-cific int;?nsity

I V(10:0). lY-ixt. thi function GW;I) which de)finAs thn P14nsiti-

vity of the r~nt-nns in vsmrious diroctions from the centrel arig

of th- antennP. Finnlly, the function Pp(0,4) which gives the

power doliv.,rqd by tho antennn to the set for A given Oirqction of

Y~ointinp of th-' "nt~innp nrin corr.'smonding to 10 end. Th- qaw~.-

tion connictinp those! three quAntities in remdily seon to be

- ~ ~ O I1(,~)G~ ) sin Q dQ do (4.1)

For th-4 nsrticula'r cmp-i conpid'orad hera, the oole of the cooreinatoo

systrom msy b-~ id-intified with the innith, atnd 0, for st given swvoe

of thn ant-nnA, V- fix,"d and -Thqupl to thm coumlimont of tho PititudA

of thn sweeo' while .0in thm Pvimuth toward which the Antanns *-.ip iP

IA".



dlreetbd'at any moment. Now, equation 4.1 reduces to a funct in

of one single running variable denoted by x. Bearing in mind that

both the source and the antenna pattern are of small angular extent

and are cf the general shape of the normal distribution curve,

equation 4.1 may be rewritten in the following simplified manner.

P(x) G•(x-' ) S (x') dx' (4.2)

In this equation S(x ) is the total received power corresponding

to a small increment of azimuth. The function P(x) is actually

recordced on the tope ta-.en nt the time of bbservation. Thus, it

is possible, in principle, to form the quantity x., corresponding

to the centroid of the observed power distribution as a function

of azinuth, Tiis is given by the following equation.

( P•()dx (4.3)

where

P P W &C (4.4)

However, the desired quantity is the centroid of the actual source

distribution 'R given by
S

f XI (- xSdx (4.5)
"S.

where a
s J S(x)dx (4.6)

It is possible to show that

XP =Ys + "x (4.7)
where -O

g 1 xG(x)dx (4.8)

and G G(x)dx

It should be notod that (4.7) is independent of any assumption

about the form of the functions P, G, and S, and furthermore, that

the term 79 can be thought of as related to a lack of coicidence

S... • - 1 - -i , •••i • '••. .. :



of thp -l~etricsl and r'eometrioul stis of the antAnnat From ccumnsri-

* Pon of thn obs'rved Find co.,,uteti nzimuth of thA auiqt Pun obtstinod

on saverpl diff ront days at a numbir of different altitudos, it

was found nx'virimontally that the qu,~ntityTg for theý rndio tselq-

sco-o- usqd PAtisfi'~s the following inpquplity,

E0

In view of thA n'4gigiblA np'ture of this correction, it was not

necesqsry to ap-oly omny corrections to the obsirved Azimuth to obtain

thp tru'p azimuth,

While th-'i observing schqdul:, wps intentionally arrenged so

thpt th'ý nlene of thi3 galpctic equAtor would coincido anloroximately'

ivith A v'~rticesl circle' in ord'or to mir~imize cortAin obs-rvottional

1,rrors FAnd aimnolify thm com'utetions, it still reauiradi con~it"r-

atblq lpbor to convert the readingr Actumlly obtpinpd on the taies

into th- d~airid quantitips for comixption. Sloocifically the

dqpir~d qiuPntiti,1s were thR 91titud.- and Pzimuth of th'n -oint corras-

iDoftding to thei ce~ntroid of th.' galpctic signl for eA~ch crossing of

the 'nlpn' of thn galaxy Pend elso th;ý Gr--nwich Civil Time of this

crossing, The following -procedure wAsP Adoot-& as A satisfActory

a~oroyimption for locating the c~ntroid. Snveral vairs of Pim~li-

tude ooints on nither side of the raximum wpre locat'od, The

aximuth of 3pach of thcisi points wp.s reed to 1/10 of a deorrAp and

the nvoerapq tAknn to be th noopition of thA centrold. Since thR

numb-r of -op irs of points take~n was usually threp or more And

* since thu:; w~iri distributed about the points of maximum slovo, It

was felt thAt tho madion Po derived could not differ significantly

from t~ti- cintroid,

ji.



Obviously a deviation of the midian from the centroid is to

be expnctsd only in the case of an assymetrical distribution and

the observed distributions wAre found to be remarkably symmetrical.

It w•e, nevertheless, worthwhile to make an i6dependent investi-

gation of the order of magnitude of the deviation of the median

from the centroid for a number of i.ecimen distributions with

assymetry characteristics similar to or greater then those observ-

ed for the galaxy. In no case w-r.i the d.viations found to be

significant wh-n the aPimuth of the centroid had been located by

the av.3raging process mentioned, This median point was marked on

the taWe and the GOT corresponding to the point of crossing of the

centroid was read off to the nearest encond. At this stage the

data consist'.d of somq 320 azimuths and altitudes of cAntroids of

the galactic signal with tho corresoonding GCT for each obssrva-

tion. To irsure numerical accuracy of thnse data two indenendent

systematic chncke w-ri mad-,.

The next step in th,? orocidur- oonsistod of obteining gal-

actic letitudes and longitudes for the observed positions of the

centroids of the signal. Threýe werp comouted in the following

way: First, the altitude and azimuth of the International Aetro-

nomical Union (IAU) galactic poles, precessed to th- equinor of

date, wirn comouted for each separate observation. From these

coeroutations and tho observed azimuths and altitudes of the cen-

troids, it was then possible to calculate directly the galactic

longitudes and lotitudes of the centroid and one further quantity

of significance in the calculptions, This ouantity,.-j, is thm

.156



angle betwe,n thA direction of swA-o and the galactic 4qoutor ot

the point of crossing. The ootimum value for4"is 900. But, of v

course, it wee not practical to arrange the obtervations so that

this optimum value was obtainid for -ach individual croseing of

the planm of the galaxy.

At this stage of the comoutations, the observations wern rq-

pres',nted by a series of galactic latitudes and longitudes repre-

senting the galactic latitude of the cpntroid of the galactic

signal for a number of different galactic longitudes. The mthod

of cowoutation followed also mepde it popsible to institute an in,

depqndpnt chpck of thi comoutation by calculating in two different

ways a side common to two different aphprical triAngles. Th-aa

calculptions wvre mpdn with a celculnting machine and tables of I
natural trigonor.tric functiona and w'r" carried to five docimals

in tha functions and. thousandths of do-rees in angl^ to insur-

adiquate guard figurvs.

To deal with those data in a convantisnt manner, normAl

voints ware formed by dividine th- deta into eov-roximptzly 100

intnrvals of galactic longitudq and, for aach crou-n of points thus

formed, calculating a mean galmctic longitudn and a moan galactic

latitude. It was fe!lt worthwhile to take account of thp fact that

not all the observations w~rR of equal value. Yatters which warp

deemed to effect the accuracy of thp observations wirp the ovor-

"all strength of the galactic signal, thA tilt angle+, and thm

general aoroiarance of the tape indicating whether or not O~ternal

sources of iloctrical disturbances had been present. In particular

it was found that observations made at low altitudes vwre not re-
- 16 -



produceable And hnnci of dubious value. The schemo followAd in

weighting th- •ointe was the following: All observational noints

corrasponding to strong signals and a good tilt angle wqre riven

doubla weight, Observations made at zro degrens altitude, obser-

vations giving evidence by the character of the trace on th- tane

of being untrustworthy due to ext.rnsl disturbances, and observa-

tions for which tho tilt Angle wae lees than 700, were all tivpn

zero wiight. Other obs('rvations w-re taken as having weight unity

in forming th, normal ooint.

Thi n-xt step in the procedure was to obtain by the method

of least equar-s that sm•all circle on the cel-stial spherq which

best fitted the normal points. The coordinates of the normal

points wir. in no casq far from thp galactic equator which made

possible a simnlification of the observational equations to a lin-

ear form. Letting ti and bi be the coordinates of the normal

point i, and letting to bea,'ttiel velue for the galactic longi-

tude of the nole (thpt is, for tv) the observational Aquations All

teso. thP following form:

bi = - Ycos (0 Ci- ) - Z in (t i 1o (4.11)

In the', Rquntions thi quantities X, Y, Z, ari the unknown and

they nr• r'latpd to the desired quantitiAs t', b' and 0 in the

following way:

Z 90 -•

Y = (g00 - b') coo A (4.12)

Z = (900 - b') sin A
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In the above the quantity A In the oorrection to the trial value f

for the longitude of the pole and so it defined by

It = 1 + A0

It is to be noted that the quantitice X, Y, and Z, arp all in de-

greens. Once the ouantitios X, Y, and Z hAve be.n d.termined by

solving the normal squations, it is R siamle mettar to derive the
I I

d~sired aupntiti-.s e , b , andO. It is rossibl'. to convert t and

b , to right pscnnsion And d-clin~tion of deteA And these coordi-

n~t-P can thin bo Tricessed to 1900 for comsarison with the -nosi-

tion of thi IAU Dol,, if iisir.d. The ouazitity Q, remains invari-

P~bli uznder vnrý.cnspion.

It wes thcught d'.Pirable to Pttm-mot to obtmin an estinmte of

th-i Acenr•y of the threr•u onntities 1. ,b , andQ. The estimate

was erriv',d. At in the following wAy. First, the weights of the

unknowns in the norma.l 3q.•ations, X, Y, and Z, ware calculated by

the ordinary methods of 1east squarep in tqrms of an observation of

unit weight. t.ext, in ordar to derive a valup for th- nrobable

error of an observmtion of unit weight thi root m'.en souarp de-

viation of the normal points from th- small circl' r.nr-santnd by
I I

the velups of t , b , andQwas derived And this was -. uressed as a

Drob.ble error of observation of unit weight. From these data it

was a simvle matter to arrive At the 'orobablq 8 rrors of the thrne
I I

qunntities ' , b , andQ , by ordinary formulae for the vrooAgation

of errors. These 3robable errors can furthermor- be transformed

into errors of right ascension and declination of the pole, if so

dAsired, It is felt that .robable arrors obtainad in this way are
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nt eny ratem imnnrsona1 and, hence, ore of some vptlue in epeesping

tho intqrnnl conhiptqncy of tha observations. Thos final "reults

arp for thp yper 1900.0:

-266.8-+4.5

t 0 0

b 87-113 ± .3Lf

or

d 12h39m36± 0m,89
20 26 1

8 '5 2620
0 1 1

0 =91 17 +±11

A~v),ndix 1 amm'rri~pa th,ý ohe'3rvptions a~nd the coamutetions

Pmr,1oypd in this d.tittrrnination of the 205 Mc rsdio pole of the

pq 1 Axy.

Arnendix 2 list% thq coordinpt"'e of the normpl. ooints And

th-ir weights.
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Sr, TION 5 - OBS3RVATIONAL ERRORS

In order t o study the galactic radio structure revealed

by Figures 2 and 3, it is necessary to understand some of the

sources of error inherent in the observational technique used.

The verticpl pattern of the antenna was modified by

ground reflections for elevation angles below about 80.

Careful checks on the performance of the Pntenna at low

elevation angles indicated a mer-imum error of about 20 in

elevation pointing which, moreover, wee an irregular function

of azimuth. Partly for the above reason, datA taken at 00

,antenna elevation were omitted from the pole solution. The

nature of the exrerimentl method minimized the importance of

errors in elev,-tion pointing; so thpt even two degrees vas a

nearly negpliible qunatity. 3ut, an P.6ditionpl effect prompted

the exclusion of the 00 gsuges. The local surroundings pro-

duced a thermal rqdiation, vsriable in szir'uth, essily

measurable Pnd of nearly the spme magnitude as the radiation

received from the weeker parts of the galaxy. If a greater

renge of gaolactic longitude had been available for observation.

it would have been preferable to omit all data to perhaps as

high a.s 120. It is unfortunate that it was necessary to

observe certain of the -eaker parts of the galaxy at low ele-

vation angles.

Failure to sweep normal to the galactic distribution of

the radio frequency radiations tended to broeden the apparent

width of the source. At high elevation angles the effect was

ggrevatoed Pnd accompanied by a. large shift in the positions of
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the apparent maxima. For these reasons all data accompanied by

a tilt angle less than 700 were omitted from both the pole

solution and Figures 2 and 3.

Scatter of points representing nearly the same part of

the galaxy arose from four factors. First, there is the time

lag Pnd sensitivity of the recorder. This scatter can be

clearly seen to divide the measures taken between galactic

longitudos minus 300 and plus 10 into two parallel patterns

about 1/20 apart. These points were clearly split into two

groups becouse the galactic signal was strongest in this region,

making for most accurate positioning, and the angular rate of

rotation was highest, because of the low antenn. elevation re-

quired. This "elevation scetter" is proportional to the cosine

of the elevation engle. Tests were performed. with a distant

transmitter on the ground (zero elevetion) and a. consistent

value of 0.650 spread between maxima for opposite sense of ro-

tation obtained.

Second, there i-,e scatter produced by physical flexing

and uncertainty of operation of the driving mechanism, par-

ticulArly in strong, gusty, winds. This form of error tas less

than 10.

Finally, there w.,as scatter resulting from the relative

vwevkness of the galactic signals when compared to thelinternal

receiver noise. The receiver produced 2000 units of noise at

the output. Variations in this noise as small as 1 unit in a

period of one second could be recogrised. The galactic radi-

ations produced maw:ima over the range 15 to 130 units and the
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thermal ra.diptions from the ground, plus reflected antenna im-

pedance effects, could produce about 10 units. The consequence

of this weakness of the galp.ctic signpl is apparent between

galactic longitude 100 snd gelpctic longitude 2000.

One further cpuse of scPtter arose as a result of the

variation of the received gelactic radiation with time. Certain

regions, notably one in the constellation Cygnus, produced ampli-.

tudes of varie.tion as great as two to one in periods of time less

than one minute. This apparent veriability of the galactic

signal was only occasionally present and chiefly in the region of

mean galactic longitude 450. There is no reason to believe that

this effect was very serious relative to the overall measures.
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SECT ION 6 DISCUSSION

The results of the present investigation leave no doubt that

the general source of 205 Mc galactic radiation is. intimately con-

nected with the structure of the galaxy.

Table 4 shows the position of galactic poles determined from

a variety of astronomical observations and summarized by Van

Tulder.
3

TABLE 4*

DETEJIUNATI0I4S OF THIE PCSE OF THE GALAXY

NO. 11b' Type

1 191° 87.1° c3O-cA6
2 298 88.8 " "

3 14 84.5 cAT-cK
4 6 87.0 " "

5 26 88.1 scepei
6 343 87.8 " "
7 349 88.5 " "

8 193 87.0 Bl-B2
9 346 88.1 " "
10 12 88.2 " "

11 269 88.3 BO
12 305 88.7 ?

13 181 88.2 B0-B5

14 305 89.5 " "

15 301 88.9 0

16 304 89.0 '7olf-Rayet

17 131 89.0 Open clusters
18 0 89.4 " "

19 357 88.5 it"

20 161 84.2 Plan. nebulae
21 41 85.2 " i
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No. 12. p' .

22 2530 86.20 Extra gal. nab.

23 290 88.0 High velocities

24 281 89.4 Stars far from gal. plane

" Adapted from reference 3

Table 5 shows the positions of the galactic pole as computed

by Northcott and Williamson 2 from Reberts observations of galactic

noise at 160 Mc and 480 I1.C. ?or purposes of comparison, the re-

sults of the present determination are also included.

TABLE 5

THE GALACTIC POLE FROV? GALACTIC
NOISE AT THflE FREQUENCIES

Fre. ,Observer R. A. (1900) Dec. a

160 Reber 1 2h 34 .=5  I ,m1 427?10 . 0.26 91?61 4 0o20
205 Cornell 12 39.4 ± 0.9 425.43 4 0.34 91.28 .. 0.19
480 Reber 12 40.9 4 2.7 429.10 ±_0.87 90.72. 0.54

Freq. Range in Normal Points
Gal. Lon

160 325-210 12
205 326-196 16
480 '•o-55; 10

S50-180

It will be seen that there is nothing in particular to distinguish

the positions of the poles of galactic noise from the other poles.

Note, for examnle, the agreement with the determination (number 22)

from the zone of avoidance of extra-galactic nebulae. However,

the radio determinations have both a higher internal consistency

and a considerably smaller probable error, It is tempting to
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speculate on the possibility of a systematic variation of the

position of galactic radiation with frequency, but this must be

postponed, partially because of the preliminary nature of the 160

and 480 1c data.

It is safe to say that the source of the 205 Vc radiation

has no connection-with the phenomenon of Gould's Belt. 4  The

pole of Gould's--Belt is approximately 150 away from the north

galactic pole, whereas the pole of the 205 Mc radiation is only

23O distant and in a different direction.

One provocative result of the radio observations is the fact

that the mean galactic latitude of the radiation at 205 Hc differs

significantly from zero degrees. If any reliance is to be placed

in the determination of the probable errors, it must be conceded

that the mean galactic latitude based on the pole of symmetry of

the observations is one degree or more south. Reference to table

5 shows that a similar effect was also apparent in the reductions

of Reberts data at both 160 Vc and 480 Ho. While it is well

known from various astronomical observations that the sun occupies

a position somewhat to the north of the galactic plane, it was

hardly to be anticipated that so large a value of the mean

galactic latitude of the radio noise would be found*

If we accept Van Tulder's value of 13 parsecs for the height

of the sun above the galactic plane, we can compute a mean distance

for the effective sources of the galactic radio frequency radiation

in question. The value oores out to be approximately 750 parsecs.
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According to the theory of radiation from a thin slab in ther-

modynamic equilibrium, this quantity should be directly comparable

with the distance '• an optical depth of approximately unity In

the interstellar medium for the frqquency involved. If we make

use of the customary valuos of the electron density and electron

temperature in the interstellar medium, however, it is not diffi-

cult to compute that on the theory of free-free transitions such

a distance must be at least 10 times as great as the one Just

derived.

There is an alternative way of considering this phenomenon.

Assuming that the galactic radiation is to be identified with

radiation from the electron gas in interstellar space, we can

take 10,000 parsecs as a fair value for the distance corresponding

to an optical depth unity. This is quite definitely a minimum

value and it is difficult to see how it could be made very much

smaller 5 . But, if this is the average distance to the source of

radiation, we are forced to the conclusion that the sun must be at

least several hundred parsecs above the central rlane of the

radiating medium in order to give the observed value of minus 10

for the mean galactic latitudo of the signal.

In this way one is led to see the crucial nature of the

conclusion that the centroid of the galactic radiation departs

noticeably from a groat circle on the celestial sphere. If we

agree with this conclusion, we must either adopt the optical

depth of the galaxy comrutod for the radiation at 205 Mc or
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alternatively, change our ideas about the height of the sm above

the median plane of the galaxy. It becomes of considerable

importance then to test in any way possible the reliability of

the value of Q which has been derived. In this regard, particular

attention should be paid to the umavoidable gap in the observations

between galactic longitude 20& and 3200. This gap is, of course,

caused by the northern latitude of the observing station, which

makes a portion of the celestial sphere invisible from the

observing station at any time of the year. In principle, at least,

the comparatively high weight of the solution for the unknown X

in equation (4,11) indicates that no difficulty is to be expected

about the determination of this quantity because of the gap in

galactic longitude. At the same time, it was felt worthwhile to

make an additional computational test of the reality of the value

obtained for X.

The relevant question in this connection is the following.

How well can the present data be represented by a solution in

which it is assumed that there is no deviation of the centroid of

the galactic signal from a great circle? In order to answer this

question the sixteen observational equations representing the six-

teen normal points were altered by setting X identically equal to

zero, then forming the normal equations which were solved for 11

and bl. from these normal equations, weights for azand b' were

formed. * comparing the deviation of the computed values of b

from the observed value for the longitude of each normal point, a
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probable error for an observation of unit weight was dbtaineo.

Combining these results, it was possible to obtain now probable

errors for the quantities Vand bt corresponding to the assumption

that the oentroid of the galactic radiation does not differ from

a groat circle. The probable errors from this computation are

exhibited in Trble 6 along with the probable errors from the more

general solution for purposes of comparison.

TABLE 6

COU).0ISON OF FROMBME ERRORS OF t' £Jf bi FOR
TWO jALTERNATIVE HYPOTHESES AB0UT

1.1 4 4?5 4 15?7

b .0'.3 + 0%

Since the method of determining the probable errors takes into

account the fact that there rtro three adjustable parameters in one

of the solutions and only two in the other, this cannot be a source

of the difference of the probable errors in the two cases. It is

seen then that the probable errors for the position of the pole

are more than doublod by requiring the observations to fit a

great circle rather than the optimum small circle. The conclusion

to be drawn from this is presumably that the observations are

definitely better fitted by a small circle correspondig 'to X

oqual to approxiumrtoly minus one degree than they are by the

corresponding great circle. However, in view of the considerable

astrophysical intorost in the exact value of Q, a final decision

-28-
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must await observations made in latitudes suc that the gap in

observable galactic longitude is greatly lessened or completely

dfte away rith. Also4 it would be desirable to take into acoount

the effects of any discrete sources that may be isolated.

Reference to Figure 3 raises the distinct possibility that

the distribution of the normal points about the computed curve is

by no means random in nature. We believe that the indications are

quite definite that a fair proportion of the deviation of the

normal points from the curve represents real observational data.
0

While it is barely possible that these deviations are the results

of local peculiarities of the terrain near the radio telescope em-

ployed, this seems hardly likely for several readons. In the

first place, no similar effects have been noted during other

observtions; for ex,-amole, observations of the sun and observations

of the horizon when no important sources of cosmic noise are in

the sky. There is also the fact that effects due to local terrain

would be intimately correlated with altitude an4 because Ct the

design of the observing program many of the regions were observed

twice at quite different nltitudes. In spite of this fact the

systemptic nature of the deviations remains. A means of testing

the reality of these deviations from the computed curve Is

available. The probable error of an observation of unit weight

can be obtained in the process of determining probable errors for

the three desired quantities ff and b' and 0 by making use of the

root mean squi.re deviation of the normal points from the computed
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curve. It is also possible to calculate a probable error for an

obseorvntion of unit weight by finding the root mean square devi-.

ation of the individual observations from the position of their

norme1 point. If the two probable errors computed in this wny are

substantially identical, the conclusion is that there is no signifi-

cant deviation of the normal point from the computed curve. On

the other hand, if it it found thst the probable error for a given

normal point compitead". tiith 'respect to the dispersion of-.thei individual

observations about the normal point, i s a groat deal smaller than

-the deviation of that normal point from the curve, there is

evidence of a significant deviation of the observations from the

computed ourve In that region.. Table 7 exhibits the findings of

such calculations.

TABLE 7

INTERIL CONSISTENCY OF THE OBSERVATIONS

Normal Dovintion of normal point Probable error of
Pt. No. from computed curve Normal point from

internal consisteng.

I* + 0?601 0?06
2 + .228 .07
3 . .354 .06
4 - .068 .06

5* - 2.350 .06
6 - 0.364 .21
7 + .941 .11
8 - .317 .09

9 - .941 .16
10 4 .663 s08
11* + 1.124 .10
12 + 0.617 .14
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Normal Deviation of normal point Probable error of
Pt. %'o. from computed curve % wormal point from

__....____internal consi•eto•v

13" - 1.171 &.10
14 - 0.320 .09
15 - .005 .09
16 - .112 .20

r.E. of a normal point from agreement with •_ 0?89
a computed curve

*Points whose deviation from the curve is ) 10 times the P. Z.

Significant deviations from the smooth computed curve are evident.

Moreover, several of the deviations seem to be adequately aocounted

for by the positions of known radio "point" sources near the

galactic plano, Por exa1mplo, Cygnus A at galactic longitude 450

has a galactic latitude of + 50 and it will be noted that the

systematic deviation of the centroids in this region is in the

dirootion of positive galactic latitude. Similarly Cassiopeia A

at galactic longitude 790 and galactic latitude 20 seems to exert

an influence an the position of the certroid in this region of

the celestial sphere. Taurus A at galactic longitude 1540 and

.galactic latitude -40 seems to be a logical cause for the devi-

at ion of the controid in that region.*

*At the tim those observptions ver3 first reduced, Bolton, Stanley,
and Sleo, (%LT'A'Zq Vol. 164, Pg. 101, 1949) had not yet announced
the corroction to their original position for Taurus A which
increasod the galactic longitude of this point by 90 while leaving
its galactic latitude unchnzged. On the basis of the Incorrect
position, it would hnve been difficult to interpret the systematic
deviation of the centroids from the plane of the galaxy in the one
region and the lack of such eystematic deviations in the other
regions. This seems to suggest that a radio telescope with a con,.
vontional type of antennr moy have some advantages for determining
directions of isolated sources of radio frequency enera which are
not possessed by present intorferometor techniques.
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The datt represented in F1gwre 2 hes been inoluded beoavae of

its general interest although it is of considerably lower accuracy

than the data relntive to the centroids of the galactic signals as Re

a function of galactic longitude. It should be borne in mind'

that it must be regarded as of a provisional nature. The relative

intensity curve shows quite clearly the marked increase in specific

intensity of galactic radiation toward the galactic center. Coor-

dinates of this curve correspond to the maximum signal obtained for

any swaeep and are plotted as functions of galactic longitude. The

zero of this curve corresponds approximately to the meter deflection

obtained rhen the radio telescope is pointed near one of the

galactic poles at a time when the sun is not in the sky. The

secondary mxim of this curve occur at galactic longitudes which

are approximately coincident with the positions of the three radio

stars, Cygnus A. Crssiopeia A., and Taurus A. Apart from these

three points the vrriation seems to be of quite a smooth nature.

It is possible to arrive at an order of mpgnitude estim.te of

the specific intensity of the galactic radiation in terms of the

specific intensity of the solar radintion in the following way.

When the radio telescope is directed at the quiet sun at a season

when galactic radiation is not entering the rrdlo telescope In

appreciable quantity, the relative intensity is approximately 140

milovolts. When the radio telescope is directed toward the sun,
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the flux at the antenna comes from a solid angle determined 1W the

angulpr diameter of the rediating portion of the sun at this

frequency, which may be taken to be approximately 10. However,

when the radio telescope is directed at a portion of the galaxy

the flux at the antenna is partly determined by the half width of

the antenna pattern which is approximately 150 for the radio

telescope used here. )Yaking use of these facts, the following

simple expression can be derived for the specific intensity of the

galactic radiation in Plny galactic longitude as compared with the

spocific intensity of solar radiation for the frequency concerned.

'rel 1 -4.3(61aI ) 0. IrellO

)sun 140 15 :

It cannot be too strongly emphasizod that the above equation is

not a result of absolute calibrations and is included merely as an

order of magnitude estimate in order to give additional meaning to

the data represented in Figure 2.

At the same tine that one of the complete checks of the data

rend from the tape for the solution of the radio pole was being

made, data were taken from the tapes for the purpose of calculating

approximate half vidths for the radiating region of the gala.y in

the vnrious gplactic longitudes. To do this, a minim=m was estab-

lishod by drawing a straight line between the minima on either side

of the galactic plLne. A line parallel to this was then drawn which

was half way from minimum to maximum value of the signal. The
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difference in azimuth of theme two "half signal" points was then

road from the azimuth calibration marks. From this a rough value

of tho vidth in g•lactic latitude of the observed distribution was

then corx)utod for each sveop by thd following equation:

&b = LZ cos•'cos h (6.2)

In tho rbovo oquation Lb is the half width in galactic latitude of

the observed intensity distribution, AZ is the earth observed half

width in azimuth as road from the tape, 'Vis the tilt Angle as

defined in Section 4 and h is the eltitude of the swoop. No attempt

has been made in the data represented by Figure 2 to correct for

the finito width of the antonna pattern in order to obtain an

approxiL•ato half width for the rctual intensity distribution of the

galactic rr-diation. Such mdinements must await further obmervations,

An interesting feature of Figure 2 is that it exhibits no general

trend for a ;ideoning of the radiating region toward the direction

of the galactic center. As a &attor of fnct, the apparent trend Is

in the opposite direction so that wide, but faint radiating regions

of the galeax are indicated for galactic longitudes nearer the

anti-center rather then the center, A rough estimate of the actual

half widtb of the galnctic radiation can be obtained by application

of the following equation.

'H' = IH (6.3)
9 A

In this equation 'iH) represents the half width of the antenna
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pattern, ) represents the half width of the true source distri-

bution, 'Pnd C9; represents the half width of the observed
p 4

distribution. This equation would be exact if all the distributions

montioned were of the normal or gauasian type. Since the

distributions are only approximately of this type, the equation

must be regarded as a purely approximate one. The quantity C®
'p

may be read from Figure 2 and the quantity ;.i)A may be taken to

be 1500 It appenrs that the true h.lf width of the radi~ting

regions of the galWy myv vary from between 10 and 250 and tha t a

reasonably accurnte value at zero degrees galactic longitude would

be approximately 15 from the half intensity point on one side of

the galactic plano to the half intensity point on the other side

of tho galactic plno for 205 Ilc radiation.
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APPENIX I

Summary of Deta

The coorylinates of the oentroid of the teceived signal for

each observation are tabulated. The symbols are defined as follows:

Np Yormal point number

I Galaotic longitude

b Galactic latitude

wt W'eight of point. Zero weights were assigned for

reasons ipdicated in the tuble by:

a - zero elevation &sigle

b--> 70° 0

a - record badly asymmetric

run Date (number) and relative time of day (a-early

evening, b-lat3)

d~bIt- Arection of sweep, + inlicates direc*ion of in-

creasing galactic latitude

alt Altitude ow telescope

az Azimuth of telescope

GOT Greentrich Civil Time

Tilt anf;le bet,,een direation of sweep and galactic

equatoe

1/21,rd iidtk. in degree galactic latitude between half

amplitude points.

Irel Retative intensity of maximum signal
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APPENDIX II

Coordinates and Weighcs of the
Normal Points

N-o. Weight Galactic Galactic No. Weight Galactic Galactic
Longitude Latitude Longitude Latitude

1 19 331.194 -1.617 9 19 87.204 0.325

2 20 340.600 -1.520 10 19 107.112 1.949

3 20 350.814 -0.953 11 20 122.070 1.883

4 18 0.880 -1.358 12 20 133.817 1.381

5 20 11.921 -2.141 13 20 160.820 -1.652

6 19 25.195 -0.659 14 20 171.604 -1.224

7 19 44.369 1.590 15 20 181.210 -1.546

8 20 66.256 0.568 16 20 190.800 -2.235
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